SUMMARY From experimental work to determine the role of humoral and cell-mediated responses in the pathogenesis of syphilis evidence has been collected to indicate that both humo ral and cell-mediated immunity have a protective function in syphilis.
Introduction
It is well known that both rabbits and man infected with Treponema pallidum develop resistance to reinfection during the course of the disease (Turner and Hollander, 1957) . It has also been shown that a marked resistance to challenge inoculation can be achieved in rabbits by immunisation with the virulent Nichols strain of T. pallidum rendered noninfectious either by storage Metzger and Smogor, 1969) or by gamma irradiation (Miller, 1973) . The mechanisms underlying immunity in syphilis, however, are poorly understood. Multiple antibodies circulate in the disease, and recent evidence shows that a cell-mediated response develops during the infection. To what extent these two immunological responses protect against syphilis is not clear. The aim of this paper is to give a concise review of the research efforts aimed at clarifying this point. Humoral immunity Studies aimed at determining the role of antibodies, or more strictly speaking the role of humoral factors, began in the 1930s and have continued until recently. Experiments of this kind can be divided into three groups: (1) those designed to detect treponemicidal activity in syphilitic serum; (2) those aimed at finding a correlation between the occurrence and level of antibodies and the state of resistance; and (3) those attempting a passive transfer of immunity by immune serum.
In his pioneering work Turner (1939) showed that treponemes which had been incubated with sera from untreated syphilitic rabbits lost their virulence and were unable to produce syphilitic lesions. Normal rabbits which had been challenged intracutaneously with such treated treponemes usually failed to develop lesions, or else the resulting lesions had a longer incubation period and remained smaller than those produced by treponemes incubated with normal serum. Later, Turner et al. (1948) used serum from syphilitic and non-syphilitic human beings, which gave similar results. Sera from patients with secondary, latent, or tertiary syphilis exerted an inhibitory effect on the development of syphilitic lesions, whereas sera from nonsyphilitic persons did not.
These investigations led to the development of the T. pallidum immobilisation (TPI) test. In recent years, the treponemicidal activity of syphilitic serum has been studied extensively by Bishop and Miller (1976b) in Los Angeles. Factors have been demonstrated in immune serum which inactivate T. pallidum and render it incapable of producing symptomatic infection in rabbits; the appearance, level, and persistence of the factors were found to correlate closely with the development of resistance to symptomatic reinfection after initial T. pallidum infection of the source rabbits.
Role of humoral versus cellular mechanismts of resistance in the pathogenesis of syphilis infection. Experiments of this kind were performed in several laboratories and all gave negative results (Izzat et al., 1971; Magnuson et al., 1951; McLeod and Magnuson, 1953; Miller et al., 1963) . None of the investigators could show a correlation between the degree of resistance and the titre of antibodies, even in the case of antibodies clearly associated with resistance, such as immobilisins. Our own findings also show this lack of correlation (Table 1) .
A total of 302 rabbits were immunised with a treponemal vaccine developed in our laboratory In recent years the most extensive studies of this type were carried out in rabbits by Bishop and Miller (1976a ), Perine et al. (1973 ), Sepetjian et al. (1973 ), and Weiser et al. (1976 . Their results were similar; injections of hyperimmune serum delayed the appearance and diminished the severity and duration of syphilitic lesions which developed after challenge with T. pallidum. Thus, these studies have suggested that a humoral mechanism of resistance may have been transferred by passive immunisation, despite vast amounts of serum (ranging up to 400 ml per rabbit) and prolonged daily administration (over 37 days) having been needed to bring about this incomplete protective effect.
SUMMARY OF ROLE OF HUMORAL FACTORS
Syphilitic serum exerts a lethil effect on treponemes and immunity to syphilis can be passively transferred by immune serum; no true correlation, however, has been established between the appearance and level of a variety of syphilitic antibodieseven those clearly associated with resistance-and the degree of resistance. Despite this limitation these findings have suggested that humoral immunity is operative in syphilis. No evidence has been shown, however, that antibodies are concerned in the immune reaction and no protective antibody has been demonstrated.
Cell mediated immunity
Preliminary experiments have been carried out to discover whether and how the cell-mediated response to treponemal antigens develops in rabbits during syphilitic infection and following artificial immunisation (Metzger et al., 1977) . The macrophage migration inhibition (MMI) test was used to demonstrate this type of immunological response.
Lymphocytes of syphilitic rabbits exhibited a well marked capacity to inhibit macrophage migration as early as one month after onset of the infection ( Table 2 ). The level of this response rose slowly during the next two months, reaching an average value of about 50o% inhibition in the third month. Between the fourth and sixth months, Table 1 Results of studies to determine correlation between syphilis immunity and humoral antibody response however, a distinct weakening of this capacity occurred, followed by a slow but steady increase during the next two years, that is, until the end of the observation period. The development of the MMI response in rabbits artificially immunised with non-viable treponemes is shown in Table 3 . As early as four weeks after the start of immunisation, the lymphocytes of the rabbits exerted a marked inhibitory effect on the migration of macrophages. This capacity reached a peak value (about 40% inhibition) by the second month, remained at this level with slight fluctuations during the subsequent six months and thereafter showed a slow decrease.
These results clearly show that during syphilitic infection and following artificial immunisation the cell-mediated response to treponemal antigens develops in the host. The demonstration of this type of immunological response does not, however, directly indicate that this reaction plays a protective role in syphilis. Thus, to show this, experiments were designed following essentially the same research plan as that used for demonstrating the role of humoral factors. Role of humoral versus cellular mnechanisms of resistance in the pathogenesis of syphilis inhibitory effect on the migration of macrophages compared with those from rabbits of the nonimmune group.
EFFECT OF IMMUNOSUPPRESSION
The clinical course of syphilis has been compared in rabbits treated with immunosuppressive agents (Pacha et al., 1978) and in those not so treated. These experiments were designed on the assumption that a milder course of the disease in the rabbits with experimentally induced immunosuppression would indicate a pathogenic role of humoral or cell-mediated immunity or both. On the other hand, a more severe course of the disease under these experimental conditions could be interpreted as evidence of the protective role of humoral or cellmediated immunity or both. The results of this study suggested the latter possibility.
Treatment of syphilitic rabbits with immunosuppressive agents (cyclophosphamide or 5-fluorouracil) resulted in almost complete abolition of the cell-mediated response (as measured by the MMI test), while the humoral response (as measured by the Venereal Disease Research Laboratory (VDRL), fluorescent treponemal antibody (FTA), and T. pallidum haemagglutination (TPHA) tests), was not affected by this procedure (Table 5 ). In the group of rabbits given immunosuppressors syphilitic lesions appeared not only at the challenge sites as usual but, after healing of the primary lesions, multiple multiform secondary lesions developed over the entire dorsal area. These results may be interpreted as demonstrating the protective role of the cell-mediated response in syphilis.
TRANSFER OF RESISTANCE BY IMMUNE LYMPHOCYTES
The possibility of such a protective role has been reinforced by experiments in which immunity was successfully transferred from immune donor rabbits to normal recipient rabbits with lymphocytes extracted from the lymph nodes of immune donors (Metzger and Smog6r, 1975) . Lymphocytes from those donors which had had previous experience with T. pallidum, (that is, those immunised with non-viable T. pallidunm or cured of syphilitic infection by penicillin treatment) conferred a state of resistance to challenge on most of the recipient rabbits (Table 6 ); this was demonstrated either by the absence of lesions at the challenge sites or by the reduced number and delayed incubation period of lesions compared with those in the controls. Some of the donor and recipient rabbits were also tested for humoral and cell-mediated response by the TPI and MMI tests respectively. The lymphocytes of the donors were active in inhibiting migration of macrophages, and this ability was found in the recipients after lymphocyte transfer (Table 6 ). In contrast, however, although the rabbits of the immunised group responded with TPI antibody this response could not be transferred by lymphocytes into recipient rabbits.
Although these experiments could not be performed under conditions which guaranteed the survival of the transferred lymphocytes in recipient rabbits (syngeneic rabbits were not available), evidence of partial protection was achieved in most of the passively immunised animals. Furthermore, every step of the procedure used in this study was 
